
CAAP Quarterly Report 

  
 

Date of Report:  March. 31st, 2017  

 

Contract Number:   DTPH56-16-H-CAAP03  

 

Prepared for:  U.S. DOT Pipeline and Hazardous Materials Safety Administration  

 

Project Title:  Development of New Multifunctional Composite Coatings for Preventing and Mitigating 

Internal Pipeline Corrosion  

 

Prepared by:  North Dakota State University 

 

Contact Information:  Xingyu Wang, PhD student, Email: xingyu.wang@ndsu.edu, Mingli Li, PhD 

student, Email: mingli.lin@ndsu.edu, Phone: 701-231-7204; Dr. Zhibin Lin, 

Email:zhibin.lin@ndsu.edu, Phone: 717-231-7204; Dr. Dante Battocchi, Email: 

Dante.Battocchi@ndsu.edu, Phone: 701-231-6219; Dr. Xiaoning Qi, Email: xiaoning.qi@ndsu.edu, 

Phone: 701-231-6464 

 

For quarterly period ending:  March. 31st, 2017 

 

Business and Activity Section 
 

 

(a) Generated Commitments  
 

No changes to the existing agreement 

 

Purchase including nano-materials has been made over this reporting period 

 

(b) Status Update of Past Quarter Activities  
 

The research activities in the second quarter consist of material screening, test methods identification and 

baseline tests in Task 2, as summarized below.  

 

Task 2: Synthesize, characterize and optimize the new coatings 

The research group in this stage is focusing on three most relevant properties of the new coatings, 

including anti-corrosion, anti-fouling, and abrasion resistance. A specific plan of experimental study was 

discussed during the weekly meeting after last quarterly report submission. All these three properties will 

be classified for the new coating as compared to the baseline coatings (existing commercial coatings). 

Consider a large number of variables for designing the new nanomaterial-based composite, screening 

materials and test methods are carefully selected, which could potentially allow high efficiency.  

 
Summary of work for Task 2.1 and 2.2. in polymer binders and the nano-modified additives. 

The summarized works [1-31] show the possibility using nanomaterials to fabricate high-

performance coatings and the potential approaches into polymer matrix.  

The literature study has been done on the developed test methods for determining the quality of the 

coatings, including corrosion resistance test, abrasion resistance test and antifouling test. 

(a) Abrasion test methods 

The accelerated test (ASTM G6) is used for determining the relative abrasion resistance of steel pipe 

coating. The test apparatus (from RAE Coatings Lab) for this test in the revolving drum. The drum, which 

containing nine coated pipe sample, will fill with a slurry of coarse abrasive and water during the test. 



Once the drum starts to rotate by the motor, the wet coarse abrasive will impact the coated surface will 

damage the coating. Even this test is specifically designed for the pipe coating. The coated surfaces are 

the exterior surface of the pipelines instead on the internal surface of the pipe.  

The mechanism of falling abrasive (ASTM D968) and Taber Abraser (ASTM D4060) methods are 

very similar as they both apply abrasion on a coated panel. Both test methods require the coating is 

applied at a uniform thickness on a rigid panel.  

(b) Fouling resistance test methods 

There are several well-developed experimental apparatuses have been designed to study fouling in 

the lab. Even the fouling mechanism for the crude oil is much different and complicated compared with 

the fouling in transmission pipes; the test method might be modified in the future if necessary. Two test 

methods are discussed in this report: are hot wire method, closed liquid system microbomb. 

(c) Lab study for characterizing baseline coatings and nanomaterial-based composites 

For the proposed new multifunctional composite coatings, like discussed earlier, the three main 

objectives are anti-corrosion, anti-fouling, and abrasion resistance. All these three properties must be 

tested for both baseline coating (existing commercial coatings) and developed nanomaterial-based 

composites. In this chapter, the methodology of characterizing baseline coating and nanomaterial-based 

composites will be discussed. The coated samples has been prepared om Q-panel standard steel panels. 

Falling Abrasive method has been used to the abrasion resistance as shown in Fig. 1. For corrosion 

resistance, Potentiostatic EIS test has been performed to evaluate the protective coatings. Hydrophobicity 

can be used to determine the fouling resistance indirectly as the droplet contact angle shows the ability 

of a liquid to maintain contact with the coated surface.  

 

   
Figure 1 Falling abrasive test 

To characterize the barrier properties of the coatings, EIS test was perfumed for coated samples as 

well. The sample was immerged in the 3.5% NaCl solution. Both samples have the identical setup and 

the EIS data was shown in Figure 4, where the impedance modulus |Z| is plotted as a function of the 

frequency in EIS tests. 

 

 

Figure 2 EIS results for a baseline coating 



 

(c) Description of any Problems/Challenges  

 

No problems are experienced during this report period 

 

(d) Planned Activities for the Next Quarter  
 

The planned activities for next quarter are listed below: 

 

o Synthesize and characterize synthesize the nano-modified coatings 

o Characterize and optimize the new coatings 
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